Background: Ex-drinkers suffer from worse health than drinkers; however, whether a worsening of health is associated with a change in drinking status from early adulthood has not been previously investigated. We assess whether a worsening of health is associated with a cessation in consumption or reduction to special occasion drinking from early adulthood to middle age.
I
N EXPLAINING THE better health outcomes of moderate drinkers compared to nondrinkers in later life found in many epidemiological studies, Shaper and colleagues suggested that it was previous drinkers among ex-drinkers who were contributing to this pattern due to their preexisting poor health (Shaper et al., 1988; Wannamethee and Sharper, 1997) . Many nondrinkers are ex-drinkers who have stopped drinking due to poor health, or problems related to alcohol itself, therefore preexisting poor health among ex-drinkers may be exaggerating the relative worse health outcomes of nondrinkers. This is sometimes referred to as the "sick-quitter" bias.
It has been shown that ex-drinkers have higher rates of doctor-diagnosed illnesses including heart disease (Shaper et al., 1994) , and a reduction in alcohol consumption was found to have a cross-sectional association with diabetes, hypertension, or anxiety (Liang and Chikritzhs, 2011) . Female moderate drinkers in middle age were also found to have the best overall self-rated health among a cohort followed over time (Powers and Young, 2008) . A different longitudinal study showed chronic health conditions to be associated with a reduction in excessive drinking among participants aged between 50 and 85 years (Newsom et al., 2012) .
More recently, it has been shown that having a persistent limiting longstanding illness (LLI) from early adulthood was associated with being a persistent nondrinker from the early 20s to the 40s (Ng Fat et al., 2014) . In this study, we address whether developing an LLI is associated with being an exdrinker at 3 different ages of the life course from early adulthood using the same cohort.
To our knowledge, previous studies analyzing the relationship between poor health and nondrinking have used a mid-dle-aged cohort only (Newsom et al., 2012; Powers and Young, 2008; Shaper et al., 1994) or were limited to crosssectional data (Liang and Chikritzhs, 2011) . If a relationship between a worsening of health and becoming an ex-drinker is found in early adulthood, this suggests that poor health may influence nondrinking throughout the life course. This indicates that it is not only a phenomenon that coexists with aging and a worsening of health. This may have implications for long-term abstainers as well as those who self-identify as being "lifetime abstainers," who were found to have reported drinking alcohol in the past (Caldwell et al., 2006; Rehm et al., 2008) . This study also explores whether there exists an association between a worsening of health and a reduction to special occasion drinking. It has been hypothesized that occasional drinkers, and not just nondrinkers, may also be subject to the sick-quitter bias as drinkers who are ill decrease and not just cease their consumption. The inclusion of occasional drinkers in abstainer category may be a source of bias where only a minority of studies have excluded occasional drinkers from the "nondrinker" reference category (Fillmore et al., 2007) . To our knowledge, this has not been directly investigated. We hypothesize that a deterioration of health would be associated with a reduction to special occasion drinking or a cessation in consumption in all stages of the life course, and that persistent drinkers would have the best overall health.
MATERIALS AND METHODS

Sample
The National Child Development Study (NCDS) (University of London et al., 1991) collected data on 17,414 babies born in Great Britain in 1958 and then followed them up at specific years, approximately once in each decade of their lives up to the present (Power and Elliott, 2006) . Sources of data differed in each wave, having been collected from participants via face-to-face interviews or medical examinations, and from teachers or parents. This study focuses on self-reported data when members were aged 23 (1981), 33 (1991), 42 (2000), and 50 (2008) . Data were limited to participants with drinking records at age 23, 33, 42, and 50 (N = 7,086) and complete cases on all variables (N = 6,707) as presented in Figure 1 .
Ethical Information
Ethical approval for NCDS was obtained from relevant approval bodies in the United Kingdom at the time of data collection from the multicenter research ethics committees (MRECs) at age 42 (2000) and 50 (2002) , and internally at age 33 which predates establishment of MRECs (1991) (Shepherd, 2012) . Access to the data set for the academic purposes of secondary analysis was subject to the terms of an end user agreement as issued by the UK Data Service (2011), and further ethical approval was not needed.
Measures
Ex-Drinkers. Cohort members at age 33 were asked "How often do you usually have an alcoholic drink of any kind?" and were asked to select an option from "most days," "1, 2, or 3 times/wk," "1, 2 or 3 times/month," "less often," or "never." These response options differed slightly at ages 33, 43, and 50, but each wave had the options "less often/only on special occasions" and "never" at the bottom end of the scale. We refer to those who responded with these options as "special occasion drinkers" and "nondrinkers," respectively.
Persistent drinkers are defined as those who recorded drinking at least more than on special occasions in each wave from age 23 (e.g., persistent drinkers at age 42 including participants who selected drinking more than on special occasions at age 23, 33, and 42). Participants who reduced to special occasion drinking were past persistent drinkers who selected drinking on "special occasion only" at a later wave (e.g., participants who reduced to special occasion drinking at age 42 were persistent drinkers at age 23 and age 33). Similarly, participants who ceased consumption were past persistent drinkers who selected "never" drinking at a successive wave (e.g., participants who ceased consumption at age 42 were persistent drinkers at age 23 and age 33). We compared persistent drinkers with those who reduced to special occasion drinking or who had ceased consumption at age 33, 42, and 50. Due to the definition of being a persistent drinker, special occasion and nondrinkers preceding the time point of the model were excluded (Fig. 1) .
Changes in Health. Adapting previously used methods (Giordano and Lindstrom, 2010; Ng Fat et al., 2014) , a change in LLI was assessed by taking binary responses to the question "Do you have any longstanding illness, disability or infirmity which limits your activities in any ways compared with people of your own age?" across 2 consecutive waves. This yielded a categorical variable with 4 response categories to indicate changes in health. These categories are as follows: (1) Participants who reported having no LLI across 2 consecutive waves ("No LLI"), (2) Participants who reported having no LLI, when they reported an LLI in the previous wave ("No longer LLI"), (3) Participants who reported having an LLI, when they reported no LLI in the previous wave ("Developed LLI"), and (4) Reporting an LLI in 2 consecutive waves ("Persistent LLI"). Three categorical variables for changes in LLI were derived at ages 23 to 33, 33 to 42, and 42 to 50. LLI has been shown to be a valid measure of mortality and morbidity even among young adults (Manor et al., 2001) , having greater associations with physical functioning than mental health (Cohen et al., 1995) . LLI has been found to be related to chronic conditions such as epilepsy, heart trouble, and rheumatism including in young adulthood (Manor et al., 2001 ).
Covariates. Estimates were adjusted for sex, highest qualification obtained (degree or higher/other/no qualification), marital status (single/married/separated, widowed or divorced), children under 16 years in the household, and poor psychosocial health (normal/ poor) recorded at age 33, 42, and 50. These factors were found to be associated with a change in alcohol consumption or nondrinking (Hajema and Knibbe, 1998; Rodgers et al., 2000; Saarni et al., 2008) .
Participants' psychosocial health was assessed using the Malaise Inventory, a set of 24 yes/no self-completion questions (Rodgers et al., 1999) which were administered at ages 33, 42, and 50. Examples of questions included "Do you often get worried about things?" and "Do you usually wake unnecessarily early in the morning?" A cutoff point of "yes" to 8 or more questions was used to indicate poor psychosocial health (Rodgers et al., 1999) . However, at age 50, only 9 items from the original 24 items were asked, and so a cutoff point of 4 or more points was used to indicate poor psychosocial health (ESDS Longitudinal, 2007) .
Statistical Analysis
Multinomial logistic regression analysis was used to assess the odds of reducing consumption to special occasion drinking, or ceasing consumption, compared with persistent drinkers at age 33, 42, and 50. The main exposure of interest was a change in LLI. We were specifically interested in whether developing an LLI from the previous wave was simultaneously associated with a cessation or reduction in consumption, compared with persistent drinkers. We also repeated the analysis using LLI at a previous time point preceding the change in consumption, to assess effects of past health (e.g., for those who ceased consumption at age 42, 2 models were created one with changes in LLI at age 42 as the exposure, and another with changes in LLI at age 33 as the exposure). We hypothesize that developing an LLI from the previous wave would be associated with a reduction in consumption to special occasion drinking or a cessation in consumption and that persistent drinkers would have better health overall. Sex, highest qualification, marital status, psychosocial health, and children in the household were adjusted for at the same time point as the change in LLI in each model, for example, models assessing changes in LLI at age 42 as the exposure, adjusted for education at age 42, models using changes in LLI at age 33 adjusted for education at age 33, and so forth. Analyses were restricted to complete cases on all variables and carried out using STATA 12 (StataCorp., 2011).
We also ran the same analyses, however, rather than restrict analyses to participants with 4 waves of data; we assessed changes in health and changes in consumption across 2 time points only.
RESULTS
The proportion of persistent drinkers who ceased consumption was 2% at age 33 (n = 93), 1% at age 42 (n = 63), and 3% at age 50 (n = 53) ( participants who ceased consumption had developed an LLI at age 33 (10%), 42 (21%), and 50 (19%) than those who reduced to special occasion drinking (5, 16, and 14%, respectively) and persistent drinkers (3, 16, and 13%, respectively). Those who had ceased consumption or reduced to special occasion drinking had a higher proportion with no qualifications than persistent drinkers at each time point. Those who ceased had higher rates of having poor psychosocial health (8% at age 33, 27% at age 42, and 30% at age 50) than those who reduced to special occasion drinking (6, 16, and 25%, respectively) and persistent drinkers (4, 10, and 11%, respectively) at all time points. The proportion of previous drinkers who reduced consumption to special occasion drinking was 12% at age 33 (n = 649), 5% at age 42 (n = 248), and 3% at age 50 (n = 126). Persistent drinkers who developed an LLI from the previous wave did not have increased odds of reducing consumption to special occasion drinking at age 33 (OR = 0.93, 95% CI = 0.56-1.14), but had increased odds at age 42 (OR = 2.04, 95%CI = 1.40-2.99) and age 50 (OR = 2.04, 95%CI = 1.18-3.53) ( Table 2) . Having a persistent LLI from the previous wave increased the odds of reducing to special occasion drinking at age 33 (OR = 3.27, 95% CI = 1.34-8.01) and age 42 (OR = 2.25, 95%CI = 1.23-4.50). Assessing past health, no longer having an LLI at age 33 (OR = 2.48, 95%CI = 1.38-4.43), and developing an LLI at age 33 (OR = 2.86, 95%CI = 1.76-4.63) was associated with a reduction to special occasion drinking at age 42. There was no significant association with previously having an LLI and persistent drinkers who reduced to special occasion drinking or ceased consumption at age 50.
Drinkers who developed an LLI from the previous wave had more than twice the odds of ceasing consumption compared with those who had not developed an LLI by age 33 (OR = 2.71, 95%CI = 1.16-4.93), 42 (OR = 2.44, 95% CI = 1.24-4.81), and 50 (OR = 3.33, 95%CI = 1.56-7.12) ( Table 3) . Participants with a persistent LLI across 2 waves had increased odds of ceasing consumption at age 42 (OR = 3.22, 95%CI = 1.06-9.77) and 50 (OR = 4.03, 95% CI = 1.72-9.44). Past health was also associated with a cessation in alcohol consumption at a later time point. Developing an LLI at age 33 was associated with ceasing consumption at age 42 (OR = 3.16, 95%CI = 1.28-6.77) and age 50 (OR = 3.93, 95%CI = 1.62-9.56). Having a persistent LLI at age 42 was associated with a cessation in consumption at age 50 (OR = 3.64, 95%CI = 1.21-11.00). All models adjusted for sex, highest qualification, marital status, and children under 16 years in the household at the same time point changes in LLI were recorded.
Tables 4 and 5 present results from multinomial logistic regression, restricted to participants with 2 consecutive waves of data, rather than across 4 waves as in Tables 2  and 3 . Similar to results restricted to 4 consecutive waves of data, drinkers who developed an LLI from the previous wave were more likely to reduce consumption to special occasional drinking at ages 42 (OR = 1.93, 95% Excluded an additional 248 special occasion drinkers and 63 nondrinkers at age 42. CI = 1.49-2.51) and 50 (OR = 1.89, 95%CI = 1.37-2.60) (Table 4) . Also, drinkers were more likely to cease consumption at age 33 (OR = 2.50, 95%CI = 1.39-4.49), 42 (OR = 2.66, 95%CI = 1.70-4.16), and 50 (OR = 2.98, 95%CI = 1.89-4.72) (Table 5) , which is similar to findings based on 4 consecutive waves of data.
DISCUSSION
Associations were found between developing an LLI and cessation of alcohol consumption at ages 33, 42, and 50. Results are consistent with other studies which show that exdrinkers have worse health (Green and Polen, 2001; Wannamethee and Sharper, 1997) and have higher probability of ceasing consumption with a medical diagnosis in middle age (Liang and Chikritzhs, 2011; Newsom et al., 2012) . Similar associations were found between developing an LLI and reducing consumption to special occasion drinking, at age 42 and 50. This implies that the sick-quitter bias may also relate to occasional drinkers in middle age where often these people are grouped together with nondrinkers (Fillmore et al., 2007) . This has implications for both long-term abstainers as well as those who self-identify as being "lifetime abstainers," who were found to have drank alcohol in the past (Caldwell et al., 2006; Rehm et al., 2008) because our study suggests that a worsening of health or preexisting poor health is asso- Each model is based on having data on 2 consecutive waves of data only. ciated with a cessation or reduction in alcohol consumption to special occasion drinking across the life course. These findings complement previous findings that poor health is associated with nondrinking from an early age (Ng Fat and Shelton, 2012) , and persistent poor health with being a persistent nondrinker (Ng Fat et al., 2014) , suggesting that there are direct effects of poor health on nondrinking. This study also shows the relationship between a worsening of health and nondrinking is not only a phenomenon that occurs as people age, because the association was present across the life course. Poor health may be a direct reason for nondrinking, for example, because of medication that has to be taken due to having an illness (National Institute on Alcohol Abuse and Alcoholism, 2007), or interaction with the health condition which discourages the use of alcohol. Alternatively poor health may have an indirect influence on nondrinking being a factor relating to social disadvantage, which has also been found to be related to nondrinking (Jefferis et al., 2007; Ng Fat and Shelton, 2012) . These direct and indirect factors may explain why consistent associations between poor health and nondrinking are found in different cohorts, and with older (Newsom et al., 2012; Powers and Young, 2008; Wannamethee and Shaper, 1991) and younger participants (Ng Fat and Shelton, 2012; Ng Fat et al., 2014) including in this study in relation to ex-drinking. Evidence suggests that moderate alcohol consumption and lower cardiovascular disease risk are not causally related (Holmes et al., 2014) , countering the conclusions of many J-curve studies. Health selection effects into nondrinking may be why a consistent J-curve has been found in later life across numerous observational studies and conditions (Fekjaer, 2013) , however further research is needed to specify the underlying health conditions across the life course among nondrinkers.
Having a persistent LLI across 2 consecutive waves also had an association with ceasing consumption at ages 42 and 50 and reducing consumption to special occasion drinking at age 33 and 42. This may reflect a gradual reduction in alcohol consumption to nondrinking with a longstanding illness over the time span, particular because previous LLI was associated with a cessation or reduction even ahead of the event occurring. Having an LLI in past waves was associated with a reduction to special occasion drinking at age 42, but no such association existed with past LLI and a reduction to special occasion drinking at age 50. This suggests that those who persistently drink into middle age have better health overall including past health, than those who reduced consumption to special occasion drinking at an earlier time point. People who persistently drink appear to be healthier than those who had to reduce consumption to special occasion drinking earlier on. Further analysis is required to see whether this pattern continues past age 50 and the extent to which the duration of health conditions and their severity affect drinking on a continuous scale.
The use of self-reported health as a measure of physical health may be biased toward participant's self-perception of their health or their mental health. However, LLI was found to have greater associations with physical functioning than mental health (Cohen et al., 1995) being related to chronic conditions such as epilepsy, heart trouble, and rheumatism even in young adulthood (Manor et al., 2001 ). Persistent LLI from childhood was also found to be associated with childhood disability in young adulthood (Power et al., 2000) . We also adjusted for a measure of psychosocial health to account for mental health. Poor psychosocial health had independent associations with ceasing consumption at ages 42 and 50 and reducing to special occasion drinking at age 50 (results not presented). This is not surprising given that nondrinkers have poorer psychosocial health than drinkers (Baum-Baicker, 1985; Lucas et al., 2010) including in early adulthood (Caldwell et al., 2002; Leifman et al., 1995; Pape and Hammer, 1996; Power et al., 1998) . Many alcoholics, who may have had to cease alcohol consumption due to problems with their alcohol use or physical problems as a consequence of problematic alcohol use, have underlying mental health problems (Guest and Holland, 2011) which may be why we find independent associations of physical health and poor psychosocial health and ex-drinking. More complex models are required to tease out the individual effects of physical and psychosocial health on nondrinking because our data adjusted for psychosocial health at a single time point only.
Strengths and Limitations
Strengths of this study include the use of responses recorded by participants at separate time points, meaning the health and drinking status at an earlier time frame is not subject to problems with retrospective recall. The use of a sample where all participants are the same age also means that associations found are not a factor related to differences in ages.
There were many limitations of this study. All estimates were adjusted for sex; however, we could not test for an interaction, because the number of ex-drinkers was small. Another limitation is missing data. Analysis was restricted to participants with drinking recorded from 4 consecutive waves and complete cases on all variables which resulted in small numbers of participants who ceased consumption. Participants who were lost to attrition have been found to consist of more males and those who are socially disadvantaged (Hawkes and Plewis, 2006) ; therefore, our sample was reduced to a slightly wealthier and healthier sample. However, missing data within covariates were small, for example, item nonresponse within changes in LLI, our main exposure variable, accounted for just 0.2%. Therefore, we concluded that multiple imputation of the missing values would have had little effect if we were to delete the imputed outcomes as has been recommended (von Hippel, 2007) . In addition, we conducted analysis using a sample where participants only had to have 2 waves of drinking data recorded, therefore suffering from less attrition than a sample restricted to those with 4 waves of data (Tables 4 and 5 ). In these analyses which assessed the relationship between changes in health with binary changes in consumption across 2 time points, results were essentially the same for the key exposure variables of interest; there were only changes to the magnitude of the effect.
Some studies suggest that it is mainly past heavy drinkers who have ceased consumption contributing to the sick-quitter effect, having poor health characteristics more on a par with heavy drinkers (Saarni et al., 2008; Shaper et al., 1988; Wannamethee and Sharper, 1997) . Due to the use of frequency questions, information on the volumes drunk was not analyzed. Further research should assess whether the effects of health on a change in consumption are greater for heavier drinkers, how it might influence a gradual reduction, and whether these changes are maintained later on in life. This was beyond the scope of this study. A further limitation is that questions on drinking frequency differed waveto-wave, and ambiguity between responses such as "less often" and "on special occasion only" at age 23 may have occurred when these options were included as separate categories. We chose responses most closely resembling less frequent drinking or abstaining, being at the bottom of the scale. It is these lowest frequency groups that are used as the "nondrinker" comparison group against drinkers. As mentioned earlier, further analysis should be conducted to show the health effects of drinking on a continuous scale.
SUMMARY AND CONCLUSION
In summary, developing an LLI was associated with a cessation in alcohol consumption at age 33, 42, and 50 and a reduction to special occasion drinking at age 42 and 50 while adjusting for social and demographic factors. Drinkers who reduce consumption to special occasion drinking or cease consumption at age 42 also appear to suffer more greatly from poor health previously than drinkers who persistently drink at least till age 50. The relationship between a worsening of health and ex-drinking is present across the life course. Health selection is likely to influence nondrinking across the life course; this may contribute to the worse health outcomes of nondrinkers relative to drinkers later on in life.
